Wear Rate Behavior of As-cast and Heat Treated Hybrid Aluminum Metal Matrix Composites  by Balasubramanya, H.S. et al.
 Procedia Materials Science  5 ( 2014 )  1049 – 1055 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.396 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ$00(
:HDUUDWHEHKDYLRURI$VFDVWDQGKHDWWUHDWHGK\EULG$OXPLQXP
0HWDO0DWUL[ &RPSRVLWHV
%DODVXEUDPDQ\D+6D  -6KDUDQD%DVDYDUDMDE 66ULQLYDVF5DYL.XPDU9G
DG'HSWRI0HFK(QJJ 6FKRRORI(QJLQHHULQJ $PULWD9LVKZD9LG\DSHHWKDP %DQJDORUH.DUQDWDND,QGLD
EF'HSWRI0HFK(QJJ %06&ROOHJHRI(QJLQHHULQJ%DQDJDORUH .DUQDWDND ,QGLD
$EVWUDFW
,QWKHSUHVHQWVWXG\WKHHIIHFWRIVOLGLQJVSHHGRQZHDUEHKDYLRXURIDVFDVWDQGKHDWWUHDWHG $OXPLQXP DOOR\FRPSRVLWHVKDV
EHHQLQYHVWLJDWHG $OXPLQXP DOOR\VHULHV$LVXVHGDVPDWUL[6LOLFRQ&DUELGHSDUWLFOHV6L&SDQGJUDSKLWH*USDUWLFOHVDUH
XVHG DV UHLQIRUFHPHQWV 7KH SURSRVHG $OXPLQXP 0HWDO0DWUL[ &RPSRVLWHV $00&VZHUH IDEULFDWHG E\ VWLUFDVWLQJ ,Q WKH
$OXPLQXP $PDWUL[ WKH UHLQIRUFHPHQW6L&S ZDVYDULHG IURP WRE\ZHLJKWV LQ VWHSVRI LQDGGLWLRQ WR LWE\
ZHLJKW*USDUWLFOHVZDVDOVRDGGHG7KHFDVWLQJVZHUHPDFKLQHGDVSHU$670VWDQGDUGDQG7KHDWWUHDWPHQWZDVFDUULHGRXW
6SHFLPHQV ZHUH DJHG DW GLIIHUHQW GXUDWLRQV RI    DQG  KUV DW D WHPSHUDWXUH RI  & 7KH SLQRQGLVF ZHDU WHVWLQJ
PDFKLQHZDV XVHG WR HYDOXDWH WKHZHDU UDWH RI WKH FRPSRVLWHV 7KH UHVXOWV UHYHDOHG WKDW E\ LQFUHDVLQJ WKH UHLQIRUFHPHQW DQG
DJHLQJ DW 7 KUV VKRZHG DPD[LPXPZHDU UHVLVWDQFH LQ DOO WKH VOLGLQJ WHVWV 7KH UHLQIRUFHPHQWVZHUH UHVWULFWHG WR E\
ZHLJKWGXH WR WKHIRUPDWLRQRIDJJORPHUDWLRQ7KH LQFUHDVH LQVOLGLQJVSHHGVKRZHGDQLQFUHDVHRIZHDUUDWH7KHZHDU WHVWHG
VDPSOHVZHUHH[DPLQHGIRUPLFURVWUXFWXUHXVLQJVFDQQLQJHOHFWURQPLFURVFRSH6(0DQGWKHFRPSRVLWLRQRIZRUQRXWVXUIDFH
ZDVFRQILUPHGXVLQJ HQHUJ\GLVSHUVLYHVSHFWUXP('6
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV 6OLGLQJVSHHG +\EULG 00&$JHLQJ6(0('6:HDUUDWH
 ,QWURGXFWLRQ
0HWDO0DWUL[&RPSRVLWHV00&VDUHDWWUDFWLYHDVWKH\RIIHUWRDWWDLQWKHSURSHUW\RIFRPELQDWLRQVWKDWDUHQRW
REWDLQHG LQ PRQROLWKLF PDWHULDOV DQG UHVXOWLQJ LQ D QXPEHU RI VHUYLFH EHQHILWV 7KHVH FRXOG LQFOXGH LQFUHDVHG
VWUHQJWK GHFUHDVHG ZHLJKW KLJKHU RSHUDWLQJ WHPSHUDWXUH LPSURYHG ZHDU UHVLVWDQFH KLJK HODVWLF PRGXOXV DQG
FRQWUROOHGFRHIILFLHQWVRI WKHUPDOH[SDQVLRQV7KHSDUWLFOHVHPSOR\HG WRPDNH WKHFRPSRVLWHVKDYH W\SLFDOO\KLJK
PHOWLQJ SRLQW DQG WKH\ DUH QRW H[SHFWHG WR PRGLI\ VLJQLILFDQWO\ RQ RYHUDOO FKHPLVWU\ RI WKH PDWUL[ DOOR\ 7KH
SDUWLFXODWHUHLQIRUFHGPHWDOPDWUL[FRPSRVLWHVDUHSUHIHUUHGVLQFHWKH\RIIHUDQXPEHURIDGYDQWDJHV,QSDUWLFXODU
SDUWLFXODWH UHLQIRUFHGFRPSRVLWHVH[KLELWQHDU LVRWURSLFSURSHUWLHV 5RKDWJL  7KHJRRG QXPEHURIZRUN LV
FDUULHGRXWRQKDUG6L&S$O2VRIWJUDSKLWHSDUWLFOHVHWF 7KHZHDU UHVLVWDQFH LQFUHDVHGZLWK LQFUHDVLQJRIKDUG
FHUDPLFSDUWLFOHVLQPDWUL[PDWHULDOEXWGHFUHDVLQJWKHPDFKLQLQJSURSHUW\ %DVDYDUDMDSSD 7RPDLQWDLQJRRG
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
1050   H.S. Balasubramanya et al. /  Procedia Materials Science  5 ( 2014 )  1049 – 1055 
ZHDUDQGPDFKLQLQJSURSHUW\ERWKKDUGDQGVRIWSDUWLFOHVDUHDGGHGWRPDWUL[ 7MRQJHWDO UHSRUWHGWKDWWKH
DGGLWLRQRI6L&S IURPYROWRWKH$OVLOLFRQDOOR\VVLJQLILFDQWLQFUHDVHLQZHDUUHVLVWDQFHZDVREVHUYHGZLWK
WKH LQFUHDVH LQ UHLQIRUFHPHQW 7MRQJ HW DO 6DKLQ UHSRUWHG WKDW WKH FRPELQHG HIIHFW ZDV REVHUYHG XVLQJ
RUWKRJRQDODUUD\VDQGDQDO\VLVRI YDULDQFH WR VWXG\ WKH 7ULERORJLFDO EHKDYLRXURIZWRI 6L&S ZLWK DYHUDJH
SDUWLFOHVL]HRIPUHLQIRUFHGZLWK$ODOOR\7KHUHVXOWVLQGLFDWHWKDWWKH6L&S LQWRPDWUL[DOOR\H[HUWHGD
JUHDWHVW HIIHFWRQDEUDVLYHZHDU IROORZHGE\DSSOLHG ORDG ORZHUHIIHFWZDVREVHUYHG IRU VOLGLQJGLVWDQFH 6DKLQ
 =KDQJ DQG :DQJ LQYHVWLJDWHGWKHIULFWLRQDQGZHDUEHKDYLRXURIWZRGLIIHUHQWEUDNHGUXPPDWHULDOV
VXFKDV $OXPLQXP PDWUL[FRPSRVLWHV UHLQIRUFHGZLWKGLIIHUHQWVL]HVRIDQGPRIYRORI6L&S7KH
IROORZLQJFRQFOXVLRQZHUHGUDZQ$O00&VFRQWDLQLQJVPDOOVL]H RI6L&S ZHUHQRWVXLWDEOHIRUWKHIDEULFDWLRQRI
WKHEUDNHURWRUVDQGGUXPV$VIULFWLRQSDUDPHWHUVWURQJO\GHSHQGVRQVL]HRI6L&SDQGVPDOOVL]HRI 6L&S DUH HDVLO\
SXOOHGRXWIURPPDWUL[PDWHULDOZKLFKIRUPVWKLQWULERILOPV7KLVUHVXOWVLQDEUDGLQJRI EUDNHPDWHULDO%XWLQODUJH
VL]HRI6L&S IRUPVWKLFNWULERILOPWKDWSURWHFWVWKHEUDNHPDWHULDOIURPDEUDVLRQKHQFHUHGXFLQJWKHVSHFLILFZHDU
UDWH =KDQJ DQG :DQJ &RQVWDQWLQHWDO ZRUNHGRQGU\VOLGLQJZHDURI $OXPLQXP PDWUL[FRPSRVLWHV
UHLQIRUFHG ZLWK GLIIHUHQW YROXPH IUDFWLRQ RI SDUWLFOHV 7KH\ UHSRUWHG WKDW HYHQ IRU VPDOO YROXPH IUDFWLRQ RI
UHLQIRUFHPHQW ZHDU UHVLVWDQFH RI WKH FRPSRVLWHV ZDV LQFUHDVHG %LQGXPDGDYDQ HW DO  UHSRUWHG WKDW WKH
SRURVLW\ZDVLQFUHDVHGZLWKLQFUHDVLQJWKHUHLQIRUFHPHQWSHUFHQWDJHRI6L&S+RZHYHUIRUORZHU 6L&S LQFUHDVH WKH
SDUWLFOHSRURVLW\LQWHUDFWLRQZDVJUHDWHUZKHQFRPSDUHGZLWKKLJKHU6L&S %LQGXPDGDYDQHWDO6XUDSSDHW
DO LQYHVWLJDWHGRQZHDUUDWHRIFDVW $OXPLQXP DQG$O6LDOOR\VFRQWDLQLQJXSWRZWRI$O2 SDUWLFOHV
ZLWK  P VL]H XQGHU FRQGLWLRQV RI DGKHVLYH DQG DEUDVLYH ZHDU 7KHZHDU UDWH RI $O6L DOOR\ GHFUHDVHV ZLWK
DGGLWLRQRI$O2 SDUWLFOHV 6XUDSSDHWDO (TXDOHIIRUWKDVEHHQFDUULHGRXWRQVRIWJUDSKLWH*UUHLQIRUFHG
ZLWKPDWUL[PDWHULDOWKDWLQFUHDVHVWKHPDFKLQLQJSURSHUW\DQGZLWKDORVVRIPHFKDQLFDOSURSHUW\7RPDLQWDLQKLJK
PHFKDQLFDOZHDUDQGPDFKLQLQJSURSHUW\E\DGGLWLRQRIJUDSKLWHLQ$O6L&S FRPSRVLWHLWIRUPV$O6L&S*U K\EULG
FRPSRVLWHV
7KHUH KDV EHHQ VLJQLILFDQW DPRXQW RI ZRUN RQ $ FRPSRVLWHV EXW WKHUH DUH QRWPDQ\ UHVHDUFK ZRUN
SHUWDLQLQJWR$K\EULGFRPSRVLWHFRQWDLQLQJ6L&S DQG*U7KHVWXG\RIWKLVNLQGRIK\EULGFRPSRVLWHVRSHQVXS
ZKROHQHZDUHDVRIUHVHDUFK7KHDLPRIWKHSUHVHQWLQYHVWLJDWLRQLVWRREVHUYHWKHVWUXFWXUHDQGZHDUEHKDYLRURI
$K\EULGFRPSRVLWHLQDVFDVWDQGKHDWWUHDWHGFRQGLWLRQVRWKDWDVSHFLILFUHFRPPHQGDWLRQLVEHLQJSXWIRUZDUG
IRULWVWULERORJLFDOXVHLQDXWRPRWLYHEUDNHGLVFV
 ([SHULPHQWDO3URFHGXUHV
͸Ǥͷ
$ DOOR\ ELOOHWV DUH SODFHG LQVLGH WKH FUXFLEOH DQG WKH LQGXFWLRQ IXUQDFH WHPSHUDWXUH ZDV VHW DW &
6SHFLPHQV RI YDU\LQJ SHUFHQWDJH RI 6L&S ZHUH SUHSDUHGZKLFK FRQWDLQHG 6L&S RI   DQG  E\ZHLJKW DQG
DGGLWLRQDO *UDSKLWH SDUWLFOHV  E\ ZHLJKW WR HDFK VSHFLPHQ $V WKH $ PDWUL[ PHOWV LQ WKH FUXFLEOH DW D
WHPSHUDWXUHRI& 6L&S DQGJUDSKLWHSDUWLFOHVZHUHDGGHGRQWKHZHLJKWEDVLV$QHOHFWULFDOVWLUUHULVXVHGWRVWLU
WKHHQWLUHPL[WXUHGXULQJVWLUULQJVFXPSRZGHUZDVDGGHGWRUHPRYHWKHIOX[$IWHUUHPRYDORIIOX[DGHJDVLILFDWLRQ
DJHQWKH[DFKORURHWKDQHLVDGGHGWRUHPRYHWKHJDVIURPPROWHQPL[WXUH7KHPROGER[LVSUHKHDWHGWRDWWDLQJRRG
VROLGLILFDWLRQDQG LVSODFHGRQVDQGEHG LQRUGHU WRDYRLG VSLOOLQJRIPROWHQPHWDOZKLOHSRXULQJ LQWRPROGER[ ,W
VROLGLILHGDIWHUDURXQGWRKUV$IWHUVROLGLILFDWLRQWKHFRPSRVLWHELOOHWVZHUHUHPRYHGIURPPROGER[
7KHFDVWLQJVZHUHWXUQHGWR$670VWDQGDUGDQG7KHDW WUHDWPHQWZDVFDUULHGRXWDW &&IRUKUVDQG
TXHQFKHGDW&6SHFLPHQVZHUHDUWLILFLDOO\DJHGDWGLIIHUHQWGXUDWLRQVVXFKDVDQGKUVDWDWHPSHUDWXUH
RI &0LFURVWUXFWXUHRIWKHEDVHDOOR\DQGFRPSRVLWHVREWDLQHGWKURXJK6(0VKRZQLQ)LJ
7KHFRPSRVLWLRQRIWKHEDVHDOOR\LVVKRZQLQ7DEOH7KHZHDUWHVWVZHUHSHUIRUPHGRQDOOWKHVDPSOHVDQGWKH
EDVHDOOR\E\YDU\LQJWKHVOLGLQJVSHHGXVLQJDSLQRQGLVFZHDUWHVWLQJDSSDUDWXV
7DEOH&RPSRVLWLRQRI$ $OXPLQXP DOOR\
(OHPHQWV &X 0J 0Q 6L )H =Q 7L 2WKHUV $O
:HLJKW        7UDFHV %DODQFH
1051 H.S. Balasubramanya et al. /  Procedia Materials Science  5 ( 2014 )  1049 – 1055 
)LJ6(0RID$6L&S*U7KUVE$6L&S*U7KUVF$6L&S*U7KUVG$
6L&S*U7 KUV
7KH GDUNHU 6L&S DQG EULJKW LURQ SDUWLFOHV DUH FOHDUO\ YLVLEOH LQ WKH 6(0 LPDJH RI WKH FRPSRVLWHV ZLWK GLIIHUHQW
SHUFHQWDJHVRI6L&3 DQGGLIIHUHQWDJHLQJGXUDWLRQV&RQILUPDWLRQRIWKHVHDVVXPSWLRQVLVREWDLQHGE\('6DQDO\VLV
DVVKRZQEHORZE\ WKH WZRVSHFWUXPV7KHILUVWVSHFWUXPVKRZV WKH SUHVHQFHRI6L&SDUWLFOHVDQG WKHSDUWLFOHVRI
LURQ DQG LWV R[LGHV FDQ EH VHHQ RQ VHFRQG VSHFWUXP 7KH $6L&S*U7 KUV VKRZV VRPH GHJUHH RI
DJJORPHUDWLRQFRPSDUHGWRWKHRWKHULPDJHV
 
7KHZHDUWHVWVZHUHFDUULHGRXWRQWKHSLQRQGLVFZHDUPRQLWRU'8&207/ZLWKGDWDDFTXLVLWLRQV\VWHP,W
ZDV XVHG WR HYDOXDWH WKH ZHDU EHKDYLRXU RI WKH FRPSRVLWH DJDLQVW KDUGHQHG JURXQG VWHHO GLVF (Q KDYLQJ
KDUGQHVV+5&DQGVXUIDFHURXJKQHVV5DȝP,WLVYHUVDWLOHHTXLSPHQWGHVLJQHGWRVWXG\ZHDUXQGHUVOLGLQJ
FRQGLWLRQ6OLGLQJJHQHUDOO\RFFXUVEHWZHHQDVWDWLRQDU\SLQDQGDURWDWLQJGLVF7KHGLVFURWDWHVZLWKWKHKHOSRID
'&PRWRU KDYLQJ VSHHG UDQJH  UHYPLQZLWKZHDU WUDFN GLDPHWHU RI PPPPZKLFK FRXOG \LHOG
VOLGLQJVSHHGWRPVHF7KHV\VWHPKDVDPD[LPXPORDGLQJFDSDFLW\RI1
7KHWHVWVZHUHFDUULHGRXWDVSHU$670VWDQGDUGXQGHUDPELHQWFRQGLWLRQV 7KHWHVWVZHUHFRQGXFWHGZLWKYDU\LQJ
VOLGLQJVSHHGRIDQGPVZLWKFRQVWDQWVOLGLQJGLVWDQFHRIPDQGDSSOLHGORDGRI
1$IWHUHYHU\WHVWWKHVSHFLPHQDQGGLVFZHUHFOHDQHGZLWKDFHWRQHWRUHPRYHWKHGHEULVDQGGULHG7KHGLIIHUHQFH
RIZHLJKWEHIRUHDQGDIWHUWKHWHVWJLYHV WKHZHDUUDWHRIWKHVSHFLPHQV
& G
D E
1052   H.S. Balasubramanya et al. /  Procedia Materials Science  5 ( 2014 )  1049 – 1055 
 5HVXOWVDQG'LVFXVVLRQ
 (IIHFWRI6OLGLQJ6SHHGRQ:HDU5DWH
7KHZHDUUDWHRIEDVHDOOR\DVZHOODVFRPSRVLWHVLQFUHDVHVZLWKLQFUHDVLQJRIVOLGLQJVSHHGDVVKRZQLQ)LJ7KH
ZHDU UDWHRIEDVHDOOR\DQGFRPSRVLWH LQFUHDVHV OLQHDUO\ZLWK VOLGLQJVSHHG7KHZHDU UDWHZDVPD[LPXPIRUEDVH
DOOR\FRPSDUHGWRWKHFRPSRVLWH7KHPD[LPXPZHDUUHVLVWDQFHLVDWWDLQHGIRU$6L&S*UFRPSRVLWHVDJHG
DW7KUVFRPSDUHGZLWKGLIIHUHQWDJHGFRPSRVLWHVDQGWKHEDVHDOOR\7KHZHDU UDWHLQFUHDVHVZLWKLQFUHDVLQJWKH
VOLGLQJ VSHHG DQG GHFUHDVHV ZLWK 7 DJHLQJ $PRQJ DOO KHDW WUHDWHG FRPSRVLWHV 7 KUV H[KLELWV D EHWWHU ZHDU
UHVLVWDQFH7KHZHDUUHVLVWDQFHRIEDVHDOOR\DQGFRPSRVLWHVLQFUHDVHVZLWKLQFUHDVLQJRIZHLJKWSHUFHQWDJHRI6L&S
7KHVSHFLPHQVDJHGDW7KUVH[KLELWOHVVZHDUUHVLVWDQFHLQDOOWKHFDVHVGXHWRIDLOXUHWRIRUPDSUHFLSLWDWLRQWR
JHW JRRG KDUGHQLQJ SKDVH IRUPDWLRQ ,W LV REVHUYHG WKDW EDVH DOOR\ VKRZHG D PD[LPXP ZHDU UDWH IROORZHG E\
FRPSRVLWHVDJHGDW KUV7KHORZHUZHDUUDWHZDVREVHUYHGIRUFRPSRVLWHVDJHGDW7KUV7KUV7DQG7
KUVFRPSDUHGWREDVHDOOR\7KHFRPSRVLWHVZLWKOHVVDJHLQJGXUDWLRQVKRZHGWKHIRUPDWLRQRISUHFLSLWDWLRQZKHQ
FRPSDUHG WR DJHLQJ RI  KUV DQGEH\RQG :KHQ WKH VOLGLQJ VSHHGZDV LQFUHDVHGEH\RQG PV FHDVLQJZDV
REVHUYHGIRUWKHEDVHDOOR\EXWLQFUHDVLQJRI6L&S SHUFHQWDJHLQWKHDOOR\UHGXFHVWKHFHDVLQJHIIHFW7KH6L&S LV
PRUH HIIHFWLYH HOHPHQW FRPSDUHGZLWK RWKHU FHUDPLF UHLQIRUFHPHQW HOHPHQW OLNH $O2  DV 6L&S LV KDYLQJ
KLJKHUKDUGQHVVDQGIUDFWXUHUHVLVWDQFHWKXVSURYLGHV PRUHUHVLVWDQFHWRFHDVLQJ
)LJ&XPXODWLYHZHDUUDWHRIEDVHDOOR\DQGGLIIHUHQWDJHLQJFRPSRVLWHVDVDIXQFWLRQRIVOLGLQJVSHHGDWFRQVWDQW
VOLGLQJGLVWDQFHRIPDQGDSSOLHGORDGRI1D $DOOR\E$6L&S*UF$6L&S*UG
$6L&S*U
7KHIXQFWLRQRIWKHJUDSKLWHSDUWLFOHVLV WRGHFUHDVHVWKHGLIIXVLRQDQGDGKHVLRQHIIHFW+HQFHLWGHFUHDVHVWKHZHDU
UDWHZLWK LQFUHDVH LQ WKH VOLGLQJ VSHHGGXH WRTXLFN IRUPDWLRQRI OXEULFDWLQJ OD\HUZKLFK DYRLGV WKHGLUHFW FRQWDFW
EHWZHHQVSHFLPHQVDQGGLVFWKDWDYRLGVWKHFHDVLQJLWLPSURYHVZHDUEHKDYLRXURIWKHFRPSRVLWHV 7KHPDLQIXQFWLRQ
RIWKH6L&S LVWRFDUU\WKHORDG
7KHLQFUHDVLQJRI6L&S LQ$*UFRPSRVLWHVLQFUHDVHVWKHZHDUUHVLVWDQFHLWHQKDQFHVWKHWULERORJLFDOSURSHUW\RI
WKH FRPSRVLWH$V 6L& SDUWLFOHV FRPH LQ FRQWDFWZLWK VOLGLQJ GLVF WKDW DYRLGV IXUWKHUZHDU DQG JUDSKLWH SDUWLFOHV
ZKLFKKHOSVWRUXQVPRRWKO\RQGLVF,WKHOSV DYRLGFHDVHRIWKHPDWHULDOWKDWRFFXUGXULQJWHVWSHULRGV7KH6L&S DFWV
DVORDGEHDULQJPHPEHUDQGJUDSKLWHDFWVDVDVROLGOXEULFDQWLQ$PDWUL[PDWHULDO7KHDGGLWLRQRI6L&S WR$
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PDWUL[ PDWHULDO OHDGV PLOG ZHDU UHJLPH DW KLJKHU VSHHGV WKHLU E\ LQKLELWLQJ VHYHUH ZHDU 7KH 6L&S DVVLVW ZLWK
UHWHQWLRQ RI R[LGH WUDQVIHU OD\HU RQ FRPSRVLWH VOLGLQJ VXUIDFH ,W SUHYHQWV PHWDOPHWDO FRQWDFW DQG NHHSV ZHDU
EHKDYLRXUZLWKLQWKHPLOGZHDUUHJLPH
 $QDO\VLVRI:RUQVXUIDFHV
)LJ6(0RI ZRUQVXUIDFHVRIDEDVHDOOR\DQGE&RPSRVLWHV
7KH6(0LPDJHRIWKHZRUQVXUIDFHRIWKHEDVHDOOR\DQGWKHFRPSRVLWHVVSHFLPHQVDWVOLGLQJVSHHGRIPVLV
VKRZQ LQ )LJ  7KH ILJXUH VKRZV WZR PLFURJUDSKV DW WKH VDPH VSHHG VOLGLQJ GLVWDQFH DQG ORDG ZLWK GLIIHUHQW
PDWHULDOV +RZHYHU WKH RWKHU VDPSOHV DOVR VKRZV VLPLODU PLFURVWUXFWXUHV 7KH PLFURVWUXFWXUHV RI WKH EDVH DOOR\
)LJXUHDVKRZVODUJHDPRXQWRISODVWLFGHIRUPDWLRQRQWKHVXUIDFH:KHUHDVWKHK\EULGFRPSRVLWHVPLFURVWUXFWXUH
UHYHDOVJURRYHVIRUPHGE\ WKHKDUG6L&S7KHJUDSKLWLFSDUWLFOHFOHDUO\VKRZV LQWHUDFWLRQVZLWK6L&S DQGDOVRZLWK
VXUIDFHRI WKHGLVFDQG LW IRUPV WKH OXEULFDQW OD\HU$IWHUZHDURIPDWUL[6L&S DUHSURMHFWHGRXW IURP WKHPDWHULDO
ZKLFKLVREVHUYHGLQ)LJE
 ('6$QDO\VLV
7KLVLVFRQILUPHGE\('6DQDO\VLVRIZRUQVXUIDFHVRIWKHEDVHDOOR\DQGFRPSRVLWHV)LJ&RPSDUHGZLWK('6
SURILOHRIEDVHDOOR\)LJDLWLVFOHDUWKDW)HSHDNVLVREVHUYHG7KH)LJEFOHDUO\VKRZV6LDQG&SHDNVZKLFK
LQGLFDWHV WKDW6L& DQG*USDUWLFOHVDUHDYDLODEOH IRUEHLQJSXOOHGRXW IURPWKH$OPDWUL[ZKLOHVOLGLQJ+RZHYHUD
QRWLFHDEOH)HSHDNVDUHDOVRREVHUYHGEHFDXVHWKHVWHHOFRXQWHUVXUIDFHLVDEUDGHGE\WKHUHLQIRUFHPHQWV7KLVLVGXH
WRLURQDQGLWVR[LGHIRUPHGGXULQJWKH VOLGLQJ7KLVFRQFOXGHVWKDWWKHPD[LPXPKDUGQHVVRIWKHFRPSRVLWHVJLYHV
WKHVWURQJHUZHDUUHVLVWDQFH'XHWRWKHDERYHVDLGUHDVRQVWKHXVHRIK\EULGFRPSRVLWHVLQKLJKVSHHGIULFWLRQDQG
KLJKWHPSHUDWXUHDSSOLFDWLRQVZRXOGUHVXOWLQHQKDQFHGOLIH
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)LJ('6$QDO\VLVRIZRUQVXUIDFHVRIDEDVHDOOR\EFRPSRVLWH
 &RQFOXVLRQ
:HDU WHVWVRIK\EULGFRPSRVLWHV$6L&S*U VKRZ WKHLUVXSHULRUSHUIRUPDQFH LQUHODWLRQ WR WKHEDVHPDWHULDO
$,QWKH6WLUFDVWWHFKQLTXHXQLIRUPGLVWULEXWLRQRI6L&DQG*USDUWLFOHVZHUHREVHUYHGZKLFKLVFRQILUPHGE\
6(0PLFURVFRS\DQDO\VLV7KH:HDUUDWHRI$6L&S*U7 ± KUVZDVIRXQGWREHRSWLPDOIRUORZHUZHDUUDWH
FRPSDUHGWRRWKHUDJHLQJGXUDWLRQVDQGEDVHDOOR\7KHWHVWDOVR FRQILUPVWKDWZHDUUDWHLVORZDWWKHORZVOLGLQJUDWH
:HDUUDWHGHFUHDVHVZLWKGHFUHDVHRIQRUPDOORDGDQGLQFUHDVHRIVOLGLQJVSHHG$WKLJKHUVOLGLQJVSHHGFRPSRVLWHV
VKRZVVWDEOHPHFKDQLFDOPL[HGOD\HUDQGSURGXFHVOHVVZHDUUDWHZKHQFRPSDUHGZLWKEDVHDOOR\7KH&RPSRVLWHV
DJHG DW7 KUV H[KLELWV OHVVZHDU UHVLVWDQFH GXH WR LPSURSHUSUHFLSLWDWLRQ DQG IDLOXUH WR IRUPJRRG KDUGHQLQJ
VXUIDFHRIWKHVSHFLPHQV7KHLQFUHDVHRI6L&S LQFRPSRVLWHPDWHULDODFWVDVORDGEHDULQJDQGJUDSKLWHSDUWLFOHVDFWVDV
VROLG OXEULFDQW FRPELQHG LW LPSURYHV WKH WULERORJLFDO SURSHUWLHV RI WKH FRPSRVLWHV7KHVHSURSHUWLHV RI WKH K\EULG
FRPSRVLWHORZZHDUUDWHDQGJRRG WKHUPDOFRQGXFWLYLW\ PDNHVLWDIDVFLQDWLQJPDWHULDOIRULWVXVHLQDXWRPRWLYHGLVF
EUDNHV
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